refinement based on gold-standard FSCs. Because the former involves a decision by the user-that is, choosing the frequency at which to limit the refinement-we favor gold-standard FSCs and implemented a procedure to independently refine two models as a script on top of the conventional projection-matching protocol in the XMIPP package 6 (Supplementary Fig. 3 and Supplementary Software). We tested our hypothesis using three cryo-EM data sets: 5,053 GroEL particles that are distributed by the National Center for Macromolecular Imaging, an in house-collected data set of 50,330 b-galactosidase particles (Supplementary Methods) and 5,403 hepatitis B capsid particles from a previously published study 7 . High-resolution crystal structures are available for all three data sets, and these were used to assess the 'true' resolution obtained using refinements based on either gold-standard or conventional FSC procedures (Fig. 1) . For all three cases, the conventional procedure reported apparently better FSC curves than did the gold-standard procedure, but in no case did the gold-standard procedure actually result in a lower-resolution map as measured against the crystal structure. On the contrary, for the b-galactosidase data, the gold-standard procedure yielded a map that correlated up to higher frequencies with the crystal structure than did the map obtained with the conventional procedure. The latter suffered from severe overfitting and gave rise to strong artifacts in the map. We also note that, in the absence of overfitting, the frequency at which the gold-standard FSC drops below 0.143 is a good indicator of the true resolution of the map (Supplementary Table 1) , which is as expected from theory 8 . Finally, in small data sets, division of the data into two halves might affect resolution. However, calculations with subsets of the GroEL particles suggest that this only becomes an issue for data sets that are much smaller than those typically used in cryo-EM reconstructions (Supplementary Fig. 4) .
The principal conclusion is therefore that overfitting of noise using suboptimal FSCs causes worse orientations and leads to a worse structure. In contrast, the use of gold-standard FSCs provides a realistic estimate of the true signal, which ultimately leads to a better map. The procedures proposed here are straightforward to implement in existing programs, and their application will eradicate the hazards of overfitting from cryo-EM structure determination procedures.
the Coherent X-ray imaging data bank X-ray lasers produce pulses of X-rays 1 billion times brighter than those of synchrotrons; this capability creates extraordinary research opportunities in physics, chemistry and biology 1,2 . The high repetition rate of these machines leads to large volumes of data. For example, the Coherent X-ray Imaging beamline at the Linac Coherent Light Source (LCLS) produces three times more data per second than the ATLAS detector of the Large Hadron Collider. This data volume increase has created a need for tools to analyze and make efficient use of the new observations.
To address this issue, I created the Coherent X-ray Imaging Data Bank (CXIDB, http://cxidb.org/) as a permanent public repository of data from coherent X-ray sources (Fig. 1a-c) , modeled after the Protein Data Bank 3 and the Electron Microscopy Data Bank 4 . CXIDB allows the community to share and organize their data as well as distribute the burden of data analysis, thereby effectively speeding up the rate of scientific discovery. It also increases the availability of data from X-ray lasers and the impact of these facilities by allowing groups that were not awarded beamtime to test hypotheses and develop analysis methods using data from others. Finally, it enables the reproduction of calculations from observations, and the verification of conclusions, a process that is one of the cornerstones of science. 
